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[0002] (Related Art) A liquid crystal panel is used as a display screen for a personal 
computer, a word processor, a television, or the like. A backlight is used as an 
auxiliary device that emits light from behind the liquid crystal panel for clearly 
displaying characters or images. Fig. 6 shows a structural drawing of such backlight 
for explaining an example of a conventional backlight. 

[0003] The main body of the backlight is composed of fluorescent tubes 1 that are 
sources of light, a diffuser 2 for diffusing light and thereby creating a uniformly 
illuminated surface, a reflective plate 3 for effectively collecting light on the 
illuminated surface, and a lighting curtain 4 having a halftone-dot pattern for 
smoothing luminance on the diffuser. Alternating high voltages for lighting the 
fluorescent tubes are generated by the inverter 5, and the voltages are supplied to the 
fluorescent tubes through high-voltage wires 6. 

[0004] Generally, in an inverter, a DC voltage of about several dozen V is converted 
into an AC voltage through an oscillation circuit, and it is then increased up to about 
1 ,000 V by transformers 7. High-voltage capacitors 8 for controlling fluorescent tube 
currents are connected between the transformers and the fluorescent tubes. 
[0005] A high luminance, such as a luminance of about 2,000 cd/m 2 on the diffuser, is 
required for a backlight used in a color liquid crystal panel. Further, a lightweight, 
thin backlight of a type that does not have uneven luminance but that has low power 
consumption is demanded. 

[0006] Generally, a backlight for a color liquid crystal panel having a diagonal 
dimension of about 10 inches utilizes about 2 to 6 fluorescent tubes each having a 
diameter of about 10 mm as shown in Fig. 6. Further, the power consumption is about 
10 W, the weight is about 500 g, and the thickness is about 20 mm. 
[0007] Fig. 7 shows an effect of the lighting curtain used to uniform luminance. 
When luminance on the diffuser is measured in a direction perpendicular to the 
fluorescent tubes without using the lighting curtain, a luminance curve indicated by the 
dashed line is obtained. Each of the peaks in the curve corresponds to the point 
directly above each fluorescent tube. The luminance at the bottoms of the luminance 
curve tends to increase when the distance between the fluorescent tubes is narrowed. 
Regarding the lighting curtain, a pattern consisting of a combination of small dots that 
blocks or reflects light is formed by a print process or a vacuum evaporation method 
on at least one surface of a transparent resin film. The pattern directly above a 
fluorescent tube where luminance is high is designed to have high density, so as to 
limit transmitted light. By installing such lighting curtain under the diffuser, the peak 
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luminance of the luminance curve can be decreased, whereby a uniform illuminated 
surface can be obtained. 

[0008] Further, based on a conventional backlight, as shown in Fig. 8, each of the 
fluorescent tubes 2 housed in a backlight main body 1 and each circuit block in an 
inverter 3 are paired, and the number of transformers needs to be the same as the 
number of fluorescent tubes. High-voltage-side wires 4 and low-voltage-side wires 5 
are required as high-voltage wires for supplying voltages, the number of which 
becomes twice that of fluorescent tubes. Since the high-voltage wires require a 
withstand voltage of 3,000 V or higher, the coating thereof becomes thick. Thus, 
when considering the backlight structure, it is necessary to take the space for wires 
into account. 

[0009] Since a fluorescent tube current is a minute electric current having a frequency 
of about 50 KHz, in order to supply the current without loss, it is necessary to reduce 
leakage currents by shortening the wire length as much as possible. 
[0010] It is the fluorescent tube that has the shortest duration of life among parts 
constituting the backlight. When a current of 5 mA is caused to flow through it, its 
life is about 10,000 hours. Since the backlight for a color liquid crystal panel 
requires high luminance, normally, a fluorescent tube current of 5 mAto 10 mA is used 
for lighting. 

[0011] (Problems to be Solved by the Invention) Conventional backlight structures are 
problematic in that they cannot meet the market demands of high luminance, low 
power consumption, long duration of life, and reduction in weight and thickness. 
[0012] (Means of Solving the Problems) A backlight of the present invention has a 
structure and a lighting method, according to which eight narrow fluorescent tubes 
each having a diameter of 4.1 mm are arranged immediately below a diffuser and are 
lit with one inverter. 

[0013] (Embodiments) (Embodiment 1) An embodiment of the present invention will 
be described with reference to the drawings. 

[0014] Fig. 1 shows a construction drawing of a backlight that is an embodiment of the 
present invention, and Fig. 2 shows a cross-sectional view of the backlight. 
[0015] In this backlight, eight narrow fluorescent tubes each having a diameter of 4.1 
mm and a length of 230 nm were arranged so that the distance between the tubes is 14 
mm. A 1.5-mm diffuser and a 188-nm lighting curtain are provided above the 
fluorescent tubes. 

[0016] The gap between a reflective plate and the fluorescent tubes was 1 mm, and the 

gap between the reflective plate and the diffusion film was 6 mm. 

[0017] All the diffuser, the lighting curtain, and the fluorescent tubes were housed in 
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the reflective plate made of polycarbonate having a wall thickness of 1.5 mm that is 
formed by taking impact resistance into account, thereby obtaining a backlight having 
a total thickness of 9.5 mm. A non-conventional backlight that is very thin for a 
backlight having fluorescent tubes immediately under a diffuser was completed. 
[0018] The optical system operation part of this backlight has a planar dimension of 
268.9 mmx 139.8 mm, and therefore it can be adopted to a liquid crystal panel having a 
diagonal dimension of 8 to 9.5 inches. The inverter was made small-sized so that it 
can be disposed right beside the backlight main body. 

[0019] (Embodiment 2) The effect of high luminance due to the arrangement of eight 
fluorescent tubes is shown in Fig. 3. 

[0020] When luminance on the diffuser was measured in a direction perpendicular to 
the fluorescent tubes, the bottom of the luminance curve was not greatly decreased due 
to the narrow distance between fluorescent tubes as the dashed line shows, even when 
the lighting curtain was not used. With the use of the lighting curtain, the backlight 
having high luminance and excellent uniformity in luminance was easily realized. 
[0021] (Embodiment 3) In order to realize low power consumption, the structure 
shown in Fig. 4 was made. Compared with a conventional example utilizing a pair of 
a fluorescent tube and an inverter, eight fluorescent tubes were connected in parallel, 
so as to light them with one inverter. As a result, light conversion efficiency was 
increased by about 20%, as compared with the conventional system. The reasons are 
that loss in the inverter is only such loss that corresponds to one transformer, and that 
currents supplied to the fluorescent tubes are lost very little along the way since only 
two high-voltage wires for supplying electric power to the fluorescent tubes are 
required due to the built-in high-voltage capacitors in the backlight main body, as 
shown in Fig. 5, and the high-voltage wires can be connected to the inverter with a 
minimum length due to the fluorescent tubes soldered to two substrates. 
[0022] (Embodiment 4) By connecting eight fluorescent tubes in parallel to one 
another, only a fluorescent tube current of 1.8 mA for each fluorescent tube was 
required for obtaining a luminance of 2,000 cd/m 2 on the diffuser. Since the life 
duration of a fluorescent tube is inversely proportional to the square of the fluorescent 
tube current caused to flow, it is possible to extend the life duration of the fluorescent 
tube that assures 10,000 hours with 5 mA up to an estimated 77,000 hours. 
(Embodiment 5) Based on the performance of the backlight described above, a 
luminance of 2,000 cd/m 2 on a diffuser, a power consumption of 7 W, a life duration of 
about 80,000 hours, a weight of 220 g with the inverter included, and a thickness of 9. 5 
mm are realized. Further, an acceleration of 100 G was handled by the shock 
resistance performance thereof. 
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